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A Lunar Polar Expedition 


Part 1 
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Figure 1 — The first expedition to “winter over” in Antarctica set their camp at the base of Cape Adare. While their sponsor was a wealthy 


Briton, seven of the ten crewmembers were Norwegian. This prefabricated structure served as home from March of 1899 until January 
1900. Expedition leader Carsten Borchgrevnik named the base Camp Ridley, for his mother. Photo: British Antarctic Expedition, 1900. 
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A Lunar Polar Expedition 


Editor’s Note: The following is Part 1 of an excerpt from Paper No. LBS-88-055 presented by the authors at the 
second Symposium on Lunar Bases and Space Activities of the 21st Century, sponsored by NASA, AIAA, the Lunar and 
Planetary Institute, the American Geophysical Union, the American Nuclear Society, the American Society of Civil En- 
gineers, the Space Studies Institute and the National Space Society, 5-7 April 1988 in Houston, Texas. Work on this con- 


cept has been sponsored by the World Space Foundation. 


Ay svanced exploration and development in harsh en- 
vironments requires mastery of basic human survival 
skills. Expeditions into the inhospitable climates of 
Earth’s polar regions offer useful lessons for 
tomorrow’s lunar pioneers. In arctic and Antarctic ex- 
ploration, “wintering over” was a crucial milestone. 
The ability to establish a supply base and survive 
months of polar cold and darkness made extensive 
travel and exploration possible. Because of the pos- 
sibility of near-constant solar illumination, the lunar 
polar regions, unlike Earth’s, may offer the most 
hospitable site for habitation. The World Space Foun- 
dation is examining a scenario for establishing a 
five-person expeditionary team on the lunar north pole 
for one year. This paper is a status report on a point 
design addressing site selection, transportation, power, 
and life support requirements. 


Polar Exploration and Lunar Objectives 

Unlike the north polar regions, Antarctica had 
never been inhabited by man. Though marine birds 
and animals visit the coastal regions, only primitive 
moss and lichen can survive the polar deserts of ice 
and snow. On the icecap in winter, no creature lives. 
In March of 1899, almost one hundred years ago, the 
explorer Carsten E. Borchgrevnik established the first 
winter camp on the white continent, Antarctica. Louis 
Bernacchi, a young Australian physicist who had joined 
the expedition, called it “... a land of unsurpassed 
desolation.” 

The International Geographical Congress, meeting 
in London during July, 1895, determined to make An- 
tarctica the target of new exploration, launching an era 
of government-sponsored national expeditions. The 
British, especially, were planning a large-scale scientific 


expedition under the aegis of the Royal Geographic 
Society. 

But the Norwegian-born Australian, Borchgrevnik, 
was determined to get to the Antarctic and spend a 
winter there before anyone else. He sought private 
funding and found it in a wealthy British publisher, Sir — 
George Newnes. Landing operations from their ship, 
Southem Cross, took ten days to complete, including 
assembly of two prefabricated huts joined by a center 
section for ease of movement between the two (see 
cover). 

During their ten month winter camp, and before 
their relief on 28 January 1900, expedition members 
collected specimens, made meteorological observa- 
tions, and determined that the south magnetic pole was 
much farther north and east than previously supposed. 
Despite its limited resources, these scientific observa- 
tions and collections comprised a useful addition to the 
detailed knowledge of Antarctica. Perhaps more im- 
portantly, they produced the first reliable charts of the 
Great Ice Barrier and conducted the first explorations 
by dog sled on the Ross Ice Shelf [1, 2, 3]. 


But the expedition’s true role was that of a recon- 
naissance team for the large, well-equipped expeditions 
then being planned. It proved that a party could 
winter ashore with comparative safety and carry out 
routine scientific work. Borchgrevnik’s winter camp 
laid the groundwork and tested the techniques for a 
“golden age” of polar exploration in the following 
decades. These explorations would culminate in Ad- 
miral Robert Peary’s attainment of the North Pole on 6 
April 1909, and Roald Amundson’s magnificently 
planned expedition reaching the South Pole on 14 
December 1911. 


Today there are permanent residents in both the 
Arctic and Antarctic pursuing commercial and scien- 
tific activities. Indeed, the International Antarctic 
Treaty may prove a useful example for those trying to 
determine “who owns the Moon?” 

Unlike Earth’s polar regions, the lunar poles may 
be the most hospitable locations for early long-term 
human habitats, so we do not wish to press the polar 
exploration analogy too far. However, the critical im- 
portance of wintering over does apply to lunar explora- 
tion. The demonstrated ability to survive on the Moon 
for long periods is essential for advanced exploration, 
development, and settlement. 

The balance of this paper will address the require- 
ments and advantages of an early long-duration mis- 
sion to the lunar north pole. 


Design Philosophy 

We propose a one-year stay on the lunar surface 
by five people as a thorough demonstration of our 
ability to live and work on the Moon. 

While a number of approaches to establishing a 
lunar base have been proposed, it is our intent to show 
that very little in the way of new technology or overly 
complex systems is required to demonstrate our 
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Figure 2 — The Apollo Lunar Roving Vehicle (LRV) 
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capability to live and work on the Moon for extended 
periods. Specific transportation systems, base struc- 
tures, life support, communications and other techni- 
ques described may be very different from those 
employed for the first lunar base. However, a 
plausible approach is described here which would per- 
mit the next major step in lunar development within a 
decade for a reasonable expenditure, given our under- 
standing of space systems to be developed for other 
purposes. 
Several assumptions were made to guide this ap- 
proach: 
e Poles afford the most hospitable environment 
e No artificial gravity required 
e@ Maximal use of flight-proven systems to minimize 
development risk and cost (sometimes with 
greater operations cost) 
e Abort or rescue option (except during lunar 
ascent) 
e Earth-based rescue vehicle available with notice 
e First base can act as a nucleus for subsequent 
operations 
e KISS! (Keep It Simple) 


These are somewhat arbitrary constraints, but 
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e of the rovers proposed for the Lunar Polar Expedition. However, the 


new rovers would be 40 percent heavier than the LRV, permitting longer range and greater durability. Photo courtesy NASA. 


Table 1: Polar Base Mass Summary 


Remarks 


Category Mass 
(tonnes) 


Habitat 10.0 
Safe Haven 3.0 
Power 3.8 
Consumables 8.2 
Gen. Equipment PLT) 
Rovers 0.6 
EVA Suits meals 
Personal Effects 0.4 


Total 30.0 


reasonable in terms of the engineering required. Air, 
food, and water requirements would be the same 
anywhere on the Moon. Near-constant illumination at 
a polar site may provide a decisive advantage in terms 
of power subsystem mass by eliminating the 14-day 
storage requirement and corresponding need for extra 
power generation during the day, or for nuclear power. 
While not necessarily indicative of future experience 
on the Moon, attempts to use nuclear power in An- 
tarctica have been less than satisfactory. 

Other advantages of a polar site include the ease 
of heat rejection, unobstructed astronomy, and possible 
phenomena related to the unique thermal regime. 


Lunar Orbital Data 

Our knowledge of the Moon’s polar regions is 
derived from Lunar Orbiter photography. Five 
spacecraft were launched at three-month inter- 
vals between 10 August 1966 and 1 August 
1967. The primary mission of the Lunar Or- 
biters was to identify safe landing sites on the 
Moon’s near side for the Apollo program. 
Target areas were photographed on film, 
which was then processed on-board the 
spacecraft. The film was then electronically 
scanned for transmission to Earth where video 
signals were reconverted into photographic im- 


Orbiters I-III successfully met all mission 
objectives, consequently Orbiters IV and V 
were retargeted to provide photography of 
general scientific interest. They were placed in 
near-polar orbits from which virtually any part 
of the Moon could be photographed. Lunar 
Orbiter IV returned 13 high-resolution frames 


40 m?/person, 2 modules 
4 m?/person, isolated ecliptic. | Using the standard lunar 
3 kWe/person, inc. heat rej. 
Only water recycled 
Science, loader, misc. 

2, two-person 

3/person, not inc. flight 

85 kg/person 


(1 metric tonne = 1,000 kg) 


Component 


of the north pole region during its 70 
day mission. Polar viewing was general- 
ly from an altitude of 2500 - 3500 km 
and resolution was approximately 100 
meters. 

The Moon’s axis of rotation is in- 
clined 1.5 degrees off the normal to the 


reference datum radius of 1738 km (as- 
suming the Moon is a perfect sphere, 
which it is not, but this is a close enough 
model), an object 595 meters in eleva- 
tion at the pole would be in sunlight 
even during extremes of libration. This 
is a modest elevation for crater features 
comparable to crater Peary, but the 
elevation of the surrounding terrain is 
unknown. Due to the slow rotation of 
the Moon, there is no reason to suspect 
significant polar flattening; however, it is possible that 
the area lies over an ancient basin — we simply don’t 
know. Nonetheless, the area is illuminated in the 
photographs we have now. The radar altimeter 
planned for the Lunar Geoscience Orbiter will provide 
useful new topographic data and improved geodesy 
will refine positional errors. In the meantime, 
stereometric information is available in the overlapping 
Lunar Orbiter IV frames and investigations are under- 
way to estimate the heights of local features relative to 
the floor of crater Peary. 


Base Characteristics 

Features of this lunar base unique to its polar loca- 
tion have been considered in some detail, while more 
generic features such as habitat design, architectural 


Table 2: Power Subsystem Mass Summary 


Mass Remarks 
(kg) 


Solar Panels/Blankets 1500 Silicon, 25% illumination factor 
Cable & Connectors 1500 Depends on voltage, AC/DC? 

Power Tower 250 
ages. Secondary Batteries 375 
Conditioning & Controls 175 


Up to 100 meters 
Eclipse, shadow power 
External to habitat 


Total 3800 


(not including equipment integral to habitats, or batteries 
aboard rovers, loader, or Autolanders) 
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Figure 3 — On this map, the Moon’s Sport pole is contained within Polaris eee ee top halt x A wae is 
the lunar far side, with the east limb to the right. Map and photo courtesy U.S. Geological Survey. 


Figure 4 — This “high resolution” Lunar Orbiter IV photo cond the large crater Peary, with Polaris just above and 
to the right of center. Proposed lunar base site is indicated by arrow. 


Table 3: Consumable Mass Allocations 


Category Mass Remarks 
(kg) 


Oxygen 2970 7.0 X body mass/yr 
Food 1910 4.5 X body mass/yr 
Water 960 


Total 8200 


(85 kg body mass assumed) 


layout and equipment design have been better 
described by other investigators. Masses have been es- 
timated for generic and site-specific equipment to ar- 
rive at a total of 30 metric tonnes of cargo brought by 
four Autolanders to support the crew of five for one 
year. 


Power 

The crew’s first order of business after landing will 
be to verify Autolander payload integrity sufficient to 
permit an extended stay on the surface. Within an 
hour of landing, the rovers (see Figure 2) will be 
deployed and loaded with solar panel packages and the 
packaged erectable power tower. A check of stellar, 
solar, and topographic positions will verify that the 
location chosen for the power tower before launch is 
adequate. Three crewmembers will erect the 
Astromast-type tower, attaching solar panels and guy 
wires as the tower is motor- or hand-driven to its 100 
meter height. The other two, in one of the rovers, will 


Table 4: Equipment Mass Allocation 


Category Mass Remarks 
(kg) 


Science Experiments 800 
Technology Experiments 800 


Loader 500 
Misc. Tools 400 
Film 100 
Communications Repeaters 100 


Total 2700 


9.0 X body mass/yr 75% recycling 
Airlock & Leakage 2360 _ Includes 2 airlock cycles/day 


Ridgetop relay to Earth 


lay up to 2 km of cable between the tower 
and base equipment. The cable will be in 
100 meter units with connectors to facilitate 
flexible layout. Portions of the cable may 
be buried later and protected with struc- 
tural scrap from the Autolanders where 
crossings of rover “roads” are desired. 


The site tentatively chosen based on 
available Lunar Orbiter imagery lies at the 
intersection of the rim of crater Peary and 
the smaller crater, which is referred to as 
Polaris. This-region may or may not con- 
tain the north pole, and is a region about 8 
km in diameter. This intersection is toward 
the west limb (as viewed from Earth) at 
about the eight o’clock position on Polaris’ 
rim [Figures 3, 4]. Three ridges formed by 
the rims of Peary and Polaris afford steep slopes facing 
in three different directions down which the solar 
blankets may be rolled in the event that no suitable 
location for the tower is found immediately. At any 
one time, it appears that at least one of these slopes 
will be illuminated during the landing period of “high” 
Sun elevation when the Sun is 1.5 degrees above the 
ideal horizon. 

It is possible that solar illumination may be peri- 
odically interrupted by shadows cast from nearby fea- 
tures. If these can be identified, the difficulty may be 
surmounted by careful choice of position or by increas- 
ing the height of the power support tower. Illumina- 
tion will certainly be interrupted for a few hours during 
eclipse cycles and this eventuality is anticipated in the 
reserve power system design. 

Batteries permit up to 15 hours of energy storage 
for discharge at a standby level of 500 watts per per- 
son. Additional power may be possible by salvaging 
the Autolander batteries, which are 
not a part of the base mass budget. 
This energy reserve is sufficient to 
handle eclipses and solar obstruc- 
tion by terrain features up to 8 
degrees in angular width as seen 
from the power tower. 


Selection to be made 

Oriented toward expanded base 
self-sufficiency 

Excavation and towing 

Repairs, manual excavation 


Habitat 

No specific habitat design was 
considered because many different 
configurations and _ construction 
techniques have been proposed. 
One possible approach will be to 
have two cylindrical modules with 
airlocks carried by two of the 


Autolanders in condition ready for occupation. 
Another Autolander will carry a half-ton loader/crane 
which may be loaded with rock and soil for ballast. 
The crew-operated loader will dig trenches in an ap- 
propriate location large enough to contain the two 
modules. 

In one scenario, the modules are equipped with a 
wheeled cradle on which they are lowered to the 
ground and towed into the trench. First one module is 
moved, buried under 2 meters of soil for protection 
from solar flares and cosmic rays, and all operations 
verified while the crew lives in the other 
module. Then the crew moves into the newly 
buried module and the second module is posi- 
tioned and connected with the first. A safe 
haven may then be maintained in an isolated 
location in case of catastrophic destruction of 
the two connected living modules. 


Consumables 


Advanced lunar operations will become de- 
pendent of highly regenerative life support sys- 
tems, especially for carbon, hydrogen and 
nitrogen (oxygen will be available from process- 
ing rock). To keep operation simple and 
development risk as low as possible for this first 
base, however, only water is recycled, and no 
“living off the land” is assumed even in the 
event that ices are discovered in nearby per- 
manently shadowed craters [8,9]. 

Water recycling has been demonstrated in 
numerous live-in ground tests, while carbon 
dioxide and trace odor removal may be per- 
formed as aboard Skylab. A portion of the 
water allocation may be brought in food to per- 
mit a more palatable menu. Lunar gravity will 
permit more conventional food preparation and 
presentation than on past space missions. 

Pilot production of resources may be at- 
tempted in the course of technology experi- 
ments carried out by the crew. Operationally 
useful gasses or liquids could be stored in empty 
Autolander tanks for later use. 


Equipment 

A small variety of equipment is possible 
within the Autolander mass allocation. If avail- 
able, an additional Autolander could be devoted 
entirely to added equipment, permitting much 
more in the way of scientific investigations and 
pilot production. 


Rovers and Space Suits 


Two two-person rovers are allocated in the mass 
budget at 300 kg each, compared with 210 kg for the 
Boeing/Apollo Lunar Roving Vehicle (LRV). The 
LRV had a total of 1 horsepower with a top speed of 
14 km/hr. A similar configuration is anticipated, some- 
what ruggedized for longer use and with rechargeable 
batteries. A range of about 120 km would be desire- 
able, but may be impractical from a mass, speed and 
portable life support system (PLSS) endurance 
standpoint. If achievable, a 120 km range would allow 


Figure 5 — Unlike the cloth-based Apollo space suits, so-called “hardsuits”, 
with solid sections and swivelling joints, allow greater mobility even with higher 
pressures inside. This prototype hard space suit, developed at NASA’s Ames 


Research Center, offers much greater durability that the Apollo suits. Photo 
courtesy NASA. 


reconnaissance of the entire floor of crater Peary, and 
possibly emplacement of a communications relay its far 
rim. 

Suit/PLSS combinations are allocated 85 kg each, 
about the same as Apollo; however, the Apollo suits 
would be quite inadequate for the heavy usage ex- 
pected at the lunar polar base. Three complete suits 
with PLSS are allocated per crewmember, in addition 
to the flight suit each of the crewmembers lands in, 
which is capable of surface EVA. Two surface suits 
would presumably be alternated for each crewmember, 
with the third held in reserve. Considerable develop- 
ment and heavy testing on the ground will be required 
to qualify suits for the base. Current work on zero pre- 
breathe hardsuits suggests likely configurations (see 
Figure 5) [10]. 

The Mission Profile will follow in the next issue. 
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